Skeletal muscle samples from 38 draft horse-related animals 1-23 years of age were evaluated for evidence of aggregates of glycogen and complex polysaccharide characteristic of equine polysaccharide storage myopathy (EPSSM). Cardiac muscle from 12 of these horses was also examined. Antemortem serum levels of creatine kinase (CK) and aspartate aminotransferase (AST) from 9 horses with EPSSM and 5 horses without EPSSM were compared. Skeletal muscle from 17 horses contained inclusions of periodic acid-Schiff (PAS)-positive, amylase-resistant complex polysaccharide. Similar inclusions were also present in the cardiac muscle of 1 horse. A vacuolar myopathy with aggregates of PAS-positive, amylase-sensitive glycogen was seen in 8 other horses, and these findings are also considered diagnostic for EPSSM. Antemortem serum activities of CK and AST were often higher in EPSSM horses than in horses without EPSSM. Using the presence of amylase-resistant complex polysaccharide as the criterion for diagnosis of EPSSM, the incidence in this population was 45%. Inclusion of horses with aggregates of glycogen but no amylase-resistant complex polysaccharide as representative of the range of pathologic findings in horses with EPSSM resulted in a 66% incidence in this population.
Equine polysaccharide storage myopathy (EPSSM) is recognized as a cause of recurrent exertional rhabdomyolysis in Quarter horse-related breeds. 5 This disorder is characterized by storage of an amylase-resistant complex polysaccharide and/or glycogen within type 2 and 2A myofibers. 5, 8, 11, 14 In draft horse-related breeds, EPSSM has been associated with a variety of manifestations of neuromuscular dysfunction, including exertional rhabdomyolysis, postanesthetic myopathy, sudden onset of weakness and recumbency, generalized weakness and muscle atrophy, 1, 4, 11, 12, 16 and abnormal hind limb gait, including shivers. 10, 12, 13 Serum activities of creatine kinase (CK) and aspartate aminotransferase (AST) are often slightly to markedly increased in draft horse-related breeds with EPSSM. [10] [11] [12] [13] 16 Based on the abnormal storage of glycogen and complex carbohydrate and the positive response to a diet high in fat and low in soluble carbohydrates, 10, 12, [15] [16] [17] this disease is presumed to be a carbohydrate metabolism disorder affecting skeletal muscle. Researchers to date, however, have failed to find evidence for defective glycolysis or glycogenolysis. 9, 17 Previous studies have indicated that EPSSM may be subclinical for many years [10] [11] [12] 16 and that this disorder may be common within draft horserelated breeds. 10, 12 The purpose of this study was to determine the incidence of EPSSM in draft horse-related breeds presented for necropsy and to compare antemortem serum levels of CK and AST in horses with and without pathologic evidence of EPSSM.
Samples of semimembranosus or semitendinosus muscle were obtained from draft horse-related animals Ն1 year of age undergoing necropsy examination at 7 institutions in North America over a period of approximately 1.5 years. A total of 38 animals were examined. Thirty-four horses were examined as part of a prospective study of all draft horses undergoing necropsy examination, and 4 were examined specifically for evidence of EPSSM based on clinical history. Samples of myocardium were examined from 12 horses. Skeletal muscle and myocardial samples were fixed in formalin and processed for routine paraffin embedment. Serial sections were stained with hematoxylin and eosin (HE) and periodic acid-Schiff (PAS) for glycogen, including amylase digestion. A section of liver containing glycogen served as a control for the PAS for glycogen stain.
Antemortem serum activities of CK and AST were available for 14 horses, and all analyses were performed in the same laboratory. Statistical analysis was performed on CK and AST results using nonparametric analysis: the Mann-Whitney U-test and the 1 sample sign test. a There were 15 intact females, 17 castrated males, and 6 intact males, ranging in age from 1 to 23 years. The age of 4 horses was not known, and these horses were recorded only as adults. Clinical and/or pathologic diagnoses and re- Table 2 . All crossbred drafts were draft ϫ draft-related breeds. Antemortem serum activities of CK and AST are presented in Table 3 . Examination of muscle samples from 17 horses (7 females and 10 males) revealed a chronic myopathic process and a vacuolar myopathy, with characteristic inclusions of complex polysaccharide that were pale pink to blue-gray on HEstained sections, stained positively with PAS, and were amylase resistant. Complex polysaccharide occurred as either multiple ''lakes'' or confluent aggregates of material replacing all or part of the fiber segment (Figs. 1, 2). Fibers with complex polysaccharide inclusions were not uniformly dis-tributed, and often occurred in clusters at the periphery of fascicles. Longitudinal sections revealed that inclusions were segmental within myofibers. The number of fibers containing PAS-positive, amylase-resistant inclusions of complex polysaccharide ranged from few (1 or 2 affected fibers seen in multiple sections of muscle) to many (1 or more affected fibers seen in almost every 40X microscopic field), and subjective assessment indicated that these inclusions were much more numerous in Belgian-and Percheron-related breeds with EPSSM than in affected Clydesdales and Shires. All horses with inclusions of complex polysaccharide also had aggregates of PAS-positive, amylase-sensitive glycogen within vacuoles that were either clear or contained pale pink hyaline material in HE-stained sections. Eight horses (1 female and 7 males) had chronic myopathic changes, including excessive fiber size variation due to fiber atrophy and/or hypertrophy and internal nuclei and a vacuolar myopathy due to aggregates of primarily subsarcolemmal PAS-positive, amylase-sensitive glycogen with no evidence of complex polysaccharide (Figs. 3, 4 ). Severe myofiber necrosis and markedly increased serum activities of CK and AST were seen in a Belgian with EPSSM that died as a result of postanesthetic myopathy. Scattered myofiber necrosis with intramyofiber and interstitial aggregates of macrophages containing PAS-positive, amylase-resistent complex polysaccharide were found in 8 horses with EPSSM that had a variety of final diagnoses, and these horses often had increased serum levels of CK and/or AST prior to death or euthanasia. Regenerating fibers were not seen in any case. The severity of muscle changes varied but occurred in horses dying or euthanized as a result of disorders unrelated to neuromuscular dysfunction and in horses with postanesthetic or exertional myopathy. EPSSM was diagnosed in 3 horses that died acutely with no other apparent cause identified and in 1 horse that died as a result of hyperthermia. No evidence of myopathic change, glycogen, or complex polysaccharide storage was found in 13 horses (7 females and 6 males; Figs. 5, 6).
Sections of myocardium from 9 EPSSM horses were examined. Inclusions of complex polysaccharide were seen in only 1 horse, a 5-year-old Belgian stallion that died as a result of hyperthermia. Numerous cardiac myofibers in this case contained inclusions that were pale gray with HE, PAS positive, and amylase resistant. No evidence of cardiac myofiber necrosis was seen, and Purkinje fibers were not affected.
Ages of EPSSM-positive horses ranged from 2 to 23 years. The mean age for EPSSM-positive horses with inclusions of complex polysaccharide was 11 years, and the mean age for those with excessive glycogen storage but no complex polysaccharide inclusions was 9 years. Ages of EPSSM negative horses ranged from 1 to 20 years, with a mean of In addition to the high percentage of Percherons in this study diagnosed with EPSSM, 3 of the 5 EPSSM-positive crossbred drafts horses were known to be Percheron crosses.
Although values varied and were often increased above normal (normal CK ϭ 93-348 U/liter; normal AST ϭ 212-426 U/liter) in horses with histories of colic, EPSSM-positive horses often had AST values Ͼ500 U/liter and CK values Ͼ1,000 U/liter. Two horses with EPSSM, however, had relatively normal serum CK and AST levels. In addition, 1 EPSSM-negative horse with colic had a CK value Ͼ1,000 U/liter. Excluding the values from the horse with postanesthetic myopathy, the CK (mean ϮSEM) of EPSSM horses was 1,562 Ϯ 498 U/liter, and AST was 692 Ϯ 151 U/liter. CK for EPSSM-negative horses was 523 Ϯ 188 U/liter, and AST was 376 Ϯ 40 U/liter. EPSSM-positive horses often had higher CK and AST values than did EPSSM-negative horses, and the values for both CK and AST were different between groups (P Յ 0.10). Looking at individual animals for predictive values, serum activity of AST for EPSSM-negative horses can be expected to be Ͻ500 U/liter (P Յ 0.10). The AST value for EPSSM-positive horses has a strong tendency to be Ͼ500 U/liter, although the difference was not significant. The CK values are widely spread, although there is a strong tendency for CK to be Ͼ1,000 U/liter in EPSSMpositive horses and Ͻ1,000 U/liter in EPSSM-negative horses.
The diagnosis of EPSSM relies on examination of samples of muscle likely to be affected, and the semimembranosus or semitendinosus muscles are the samples of choice. 14 Other muscles that can be affected include gluteal, pectoralis, and paraspinal muscles. 11 Transverse sections are necessary for evaluation of fiber size variation and internal nuclei, and longitudinal sections are useful for confirmation of segmental necrosis and to reveal the segmental nature of the complex polysaccharide inclusions. Given the uneven distribution of affected fibers within the muscle, examination of multiple sections from different areas of the muscle sample is often necessary for diagnosis.
There is some controversy regarding the pathologic features necessary to diagnose EPSSM. Some investigators rely entirely on the finding of PAS-positive, amylase-resistant inclusions of complex polysaccharide. 8 Using this criterion, the incidence of EPSSM in the population studied was 45%. However, storage of glycogen as aggregates, often in a subsarcolemmal location, is present in every case with complex polysaccharide inclusions, and abnormal accumulation of glycogen is likely to precede the formation of complex polysaccharide inclusions. Therefore, the presence of glycogen aggregates and myopathic changes, i.e., fiber size variation and internal nuclei, is also considered diagnostic of EPSSM. 14 Using these criteria for diagnosis, the incidence of EPSSM in the study population was 66%. All but 4 horses were examined as part of a prospective study of all draft horses presented for necropsy, and results of examination of 4 horses with clinical signs suggestive of EPSSM indicated 2 positive and 2 negative horses. Therefore, the incidence reported here is not likely to be biased, although there is potential bias inherent in a population of horses presented for necropsy.
After death, glycogen breaks down rapidly; therefore, muscle samples must be obtained as soon as possible following death or euthanasia. The sample should be a strip of muscle Յ1 cm in diameter, 14 because the relatively slow rate of diffusion of formalin into tissue will allow breakdown of glycogen in internal fibers. Autolysis does not appear to cause loss of inclusions of complex polysaccharide. In this study, the Clydesdale with unexplained weakness and muscle atrophy was a strong EPSSM suspect, but muscle samples obtained 48 hours after death contained no visible glycogen; therefore, a diagnosis of EPSSM was not made. However, postmortem degradation of glycogen aggregates may have occurred in this horse. The postmortem interval in other horses varied from 0 to 24 hours, and sufficient glycogen was still present to allow for adequate evaluation. The number of sections evaluated in each case varied, however, and some EPSSM-positive horses may have been missed as a result of sampling error.
The presence of this disorder was considered to be unrelated to the cause of death or euthanasia in all except the horses with exertional myopathy, postanesthetic myopathy, hyperthermia, and sudden death. However, there is an apparent high incidence of this metabolic myopathy in the draft horse-related breeds. Additional studies are needed to further define the possible impact of this disorder on the overall health of these horses. In particular, the presence of this underlying myopathy in draft breeds may be relevant to the known predisposition of these horses to neuromuscular dysfunction leading to exertional rhabdomyolysis, postanesthetic myopathy, and abnormal pelvic limb gaits such as shivers. In addition, the evidence of myofiber necrosis suggests that muscle pain and/or weakness due to underlying myopathy may have an impact on the clinical findings and recovery from anesthesia and surgery in EPSSM horses with concurrent, potentially life threatening disorders such as colic.
The finding of numerous prominent inclusions of complex polysaccharide in myocardium of 1 horse suggests that myocardial dysfunction is possible in horses with EPSSM. Inclusions of PAS-positive, amylase-resistant material are found in Quarter horse foals with glycogen brancher enzyme deficiency, 3, 7 which can result in heart failure. 7 Inclusions were not seen in cardiac myocytes in the other 8 EPSSM-positive horses in which myocardium was examined. A previous study included examination of cardiac muscle from 5 draft horses with EPSSM and only a few aggregates of PAS-positive, amylase-resistant material were found that were not visible in HE-stained sections. 11 Inclusions in cardiac myofibers were not seen in 2 Belgians with EPSSM and shivers. 12 Additional studies of cardiac function and cardiac muscle in draft horses with EPSSM are clearly warranted.
Analysis of antemortem serum activities of CK and AST indicated a wide range of values in both EPSSM-positive and EPSSM-negative horses. This finding is not surprising, given the number of horses examined that had histories of colic, in which muscle damage due to recumbency and/or self trauma can be expected. As a group, EPSSM-positive horses, however, had significantly increased CK and AST activities as compared with EPSSM-negative horses. Serum activity of CK increases and decreases rapidly in horses following muscle injury, whereas serum activity of AST increases and decreases slowly, with a peak approximately 24 hours after injury. 2 Critical evaluation of both CK and AST levels in draft horse-related animals presented for necropsy and correlation with the clinical history may aid in identifying horses with underlying myopathy. In particular, eval-uation of antemortem serum activity of AST is important. Muscle from horses presented with histories of colic or recumbency of Ͻ24 hours duration that have increased serum AST activity should be evaluated for EPSSM or other underlying myopathy that could result in subacute to chronic muscle injury.
Pedigree analysis of Quarter horses with EPSSM has suggested autosomal recessive inheritance. 6 Given the apparent high incidence of this disease in the draft horse breeds and the detection of EPSSM in a Belgian mule, it is more likely that this disorder in the draft horse breeds is inherited as a dominant trait, perhaps with incomplete penetrance. Defining the inheritance of EPSSM in draft horse-related animals will require additional studies to include pedigree analysis or breeding studies. Evaluation of muscle samples stained for glycogen should definitely be performed for draft horserelated animals with histories of increased serum levels of CK or AST, exertional or postanesthetic myopathy, or sudden death.
